High pressure infrared studies of HMX
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Abstract Analysis

We are studying the effects of pressure on HMX (Octahydro- Analysis of HMX major peaks at 0.45 GPa
1,3,5,7-tetramtro-1,3,5,7-tetrazocme). usins .1nfrared Spgctroscopy. 1 o #1.186Pa 1 Peak Number | Theoretical (cm™) |Experimental (cm™) [Bond Type
The sample 1s put under pressure using a diamond anvil cell at A A 1 600 603 | Skeleton motion (whole ring vibration), ring vibration
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ambient temperature, data 1s collected at the National 12 VAR N, 6 - g 223 222 (N:HI\T rK, I\I\IIC())Z rk/s‘é: —
: . : NN — -N str, NO, sc, sc,CH, r
Synchr.otron .nght Source 1n Brookhaven National Laboratory. In I e YW _ M 4 758 761 NO, wg, N-N wg, CNC sc
analyzing this data, we hope to learn more about the molecular - P NAYWAN S5 5 771 773|NO, wg, N-N rk
vibrations as the molecule bends and deforms under pressure. < s- W%JL < AW e £ £l S LNE st MO, s
Such d di 1d aid in d -« £ 2 M 2 7 857 860 | CNC str, NO, str
uch understanding could aid In determining new satety 2 | e N Q34 T 8 880 871 | N-N str, NO, sc, CNC str, CH, rk
standards or more efficient ways of using HMX. In future = M £ ' 9 927 947 | N-N str, CH, rk, CNC str
di : d include th f ot _ oo ore — 10 1066 1089 | CH,, tw, CH, rk, N-N str (all bonds)
studies, we 1intenda to include the aspect of temperature variation P o Nt AV A\ 1 o e
. .. . oy . MM — 11 1136 1147 | CH, rk (all bonds), N-N str (all bonds)
1n addition to pressure, with the goal of describing the molecule Py e Uy A T 12 1221 1205 | CH wg, N-N str, CNC asym str, CNC str, NO, sir
in a phase diagram. ' wij N PNV AN 13 1250 1269 | CH wg, CNC asym str, NO, str
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Wavenumbers (cm'1) Wavenumber (cm'1) 15 1315 1326 | CH, wg, NO,, str, CH,, sc, N-N str, CNC asym str
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17 1363/1374 1396 | CH, sc, CH, wg
: : 18 1414 1433 | CH, sc
' Graph 1. Infrared spectrum HMX compressed Graph 2. Decompression of HMX, from high 9 e a7 | oh e
2
B a C kg ro u n d from 0.45 GPa to 31.18 GPa pressure (bottom) to low pressure (top) 20 1668 1556 | NO, asym sir
21 2990 2998 | CH, str
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High pressure physics 1s used to study how materials change r - m . .

under pressure. One of the most common methods of obtaining Ex p e rl m e n t - . In analyzing the dﬁ’lca tobi(;guned f];lom eac? |
high pressures in the gigapascal (GPa) range is the use of the | presl,{sure, We areha e Lo tlscern OW Cer dam
diamond anvil cell (DAC.) A figure of a typical DAC is provided peaxs MOve Or Challge Wik Pressule, an

below. W . N : how this may represent changes in the

e loaded HMX into a symmetric diamond anvil cell (DAC) at | | olecular structure. The above table
Brookhaven National Laboratory. We used KBr (Potassium _ W il | onaoilles fafummation o @adh o the mafon
Bromide) as a quasi-hydrostatic pressure transmitting medium, MWW peaks and their corresponding bond types.
. ot . a LS s e 56 which 1s 1nvisible 1n the infrared spectrum. Ruby powder was T ey Quch tables were constructed for each
explosive. As 1t 1s an 1insensitive explosive, 1t will not react under el o deterraime dhe rmmemt rease of fhe eammle, 18EE of the

most normal copditions, even though 1t 1s one of the most . sample was pure KBr to be used for background subtraction, the
powerful explosives manufactqrgd todgy. Becaus.e of this, HMX 1s second half was a thin layer of HMX with KBr on it. A Bruker
very easy to study, even when 1t 1s subjected to high pressure.
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HMX 1is used 1n a variety of applications, although 1t 1s almost
exclusively used 1n military applications as a secondary
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Figure 4. Infrared spectrum at 0.45 GPa Pressure 1nerease.

. Each of the peaks are labeled according to their number on the graph to
Hyperion and Vertex 80V spectrometer was used to collect the the left. These peaks change or disappear with increasing pressure, as

infrared spectra of the HMX sample. shown in the waterfall plot, however in decompression, changes are

Ruby 1 ed 1 ost high pre e applications as a way of
uby 1s used 1n most high pressure applications as a way reversed.

monitoring pressure. It 1s used as a well established method of
monitoring pressure, as ruby florescence peaks are very sensitive

From this analysis we can determine no irreversible phase change as
to pressure changes.

upon decompression the sample’s spectrum returned to 1its ambient
state.
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O 0O Data was collected at approximately 1.5 GPa intervals, up to a
. : Chickos, James, and David Garin. "Infrared Spectroscopy." INTERACTIVE
The principle of a DAC. was monitored using a 514 nm diode laser. 2010. <http://www.umsl.edu/~orglab/documents/TR/TR2.html>.
. . S tf the REU f the Nati 1 Sca F dati d t DMR-
The collected data was then analyzed using OriginL.ab8 and 18(%);27 iiog,ate?uuy a(ﬁfgfﬁiged. ¢ ALIONAT SEIEneEE TOTRCALon TRGer eTan
Figure 1. lllustration of a diamond anvil cell CrystalSleuth. Each of the peaks was then matched to a database
(earth.northwestern.edu) to determine which chemical bonds or vibrations it represents.

This analysis 1s consolidated 1n a table to the right.

BROOKHFVEN

NATIONAL LABORATORY

UNIVERSITY OF NEVADA LAS VEGAS %L


http://upload.wikimedia.org/wikipedia/commons/0/0b/HMX.png

